The aim of the present study was to meta-analyze the literature on the diagnostic value of 18-fluorodeoxyglucose ( 18 F-FDG) positron emission tomography (PET) with or without computed tomography (CT) in detecting extrahepatic metastases or local residual/ recurrent hepatocellular carcinoma (HCC).
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third leading cause of cancer death worldwide, with half of HCC cases and HCC-related deaths occurring in China. [1, 2] The best outcomes can be achieved with resection and transplantation in carefully selected patients, with 5-year survival rates of 60% to 70%, [3, 4] although a substantial proportion of these patients experience tumor recurrence, which is a major cause of HCC-related death. [5, 6] Effective treatment and good prognosis depend on early detection and accurate staging of extrahepatic metastases and local residual/recurrent HCC. [7] Residual, recurrent, and metastatic lesions are not detected well by traditional radiography such as magnetic resonance imaging (MRI) or computed tomography (CT), because these modalities detect morphologic changes, which can occur quite slowly in HCC [8] [9] [10] [11] and MRI or CT imaging sites are often only a part of the body. A more effective modality seems to be positron emission tomography (PET) using the exogenous contrast agent 18-fluorodeoxyglucose ( 18 FDG) and can scan the whole body. Talbot et al reported PET/CT is potentially useful in the initial evaluation of HCC or in the detection of recurrent disease. [12] Kuehl et al and Paudyal et al reported that PET/CT supports radiofrequency ablation RFA by early identification of residual tumor or local tumor progression. [13, 14] Sun et al suggest that whole body 18 F-FDG PET/CT may be useful in the early evaluation of residual, intrahepatic recurrent or extrahepatic metastatic lesions and able to provide valuable information for the management of HCC recurrence. [15] However, its use in HCC remains controversial because of concerns about the relatively low sensitivity, especially for detecting well-differentiated HCC. [16, 17] Indeed, the diagnostic performance of 18 F-FDG PET may strongly depend on clinicopathology: 1 study reported that in patients following transplantation, it detected only 25% of intrahepatic recurrence cases, but 92.9% of extrahepatic metastases larger than 1 cm. [18] In addition, 18 F-FDG uptake is increased in inflamed tissue, which can contribute to falsepositive findings.
To address these limitations, researchers have explored the combination of functional information from 18 F-FDG PET with morphologic information from CT. Several studies from different medical centers have analyzed the performance of this method in different contexts, so we wished to meta-analyze the evidence base to gain a comprehensive overall picture of whether CT can significantly improve the ability of 18 F-FDG PET to detect extrahepatic metastases and local residual/recurrent HCC.
Materials and methods

Search strategy
MEDLINE, Embase, and Cochrane databases were searched for articles published between January 1990 and March 2017 using as search terms the MeSH headings "hepatocellular carcinoma," "recurrence," "metastases," "positron-emission tomography," "sensitivity and specificity," and all possible combinations. Reference lists of all retrieved articles were also manually reviewed to detect additional potentially eligible articles.
Inclusion criteria
Two reviewers independently reviewed all potentially eligible studies for inclusion. To be included, studies had to fulfill the following criteria:
18 F-FDG PET with or without CT was used to identify extrahepatic metastases or local residual/recurrent HCC; the sample contained more than 15 patients; patients were definitively diagnosed based on histology and follow-up for at least 6 months, and results were reported in a 2 Â 2 contingency table directly, or such a table could be derived from the reported data. If studies reported insufficient data, authors were contacted for additional information.
Data extraction and quality assessment
The same reviewers who carried out the database searches also independently extracted relevant data from each study using a standardized data extraction form, including test results and study characteristics. They were not blinded with regard to study authors, author affiliations, journal name, or year of publication, since such blinding does not substantially reduce risk of bias or errors. [19] Both reviewers extracted data from all studies. To resolve disagreement between reviewers, a third reviewer assessed all discrepant items, and the consensus opinion was used in the analysis.
The following data were extracted from each study: author, year of publication, sample size, age of study participants; and study design (prospective, retrospective, or unknown). Study quality was assessed using the QUADAS checklist for studies of diagnostic accuracy included in systematic reviews. [20] Articles were included in the final analysis only if "yes" was the response to at least 10 of the 14 questions on the QUADAS quality assessment tool.
Data synthesis and analysis
Statistical heterogeneity among studies was assessed using the Chi-squared test; results were defined as heterogeneous when P < .05. [21, 22] The level of heterogeneity was quantified using the I 2 statistic, which describes the percentage of total variation across studies that is due to heterogeneity rather than chance. [23] If heterogeneity existed, meta-analysis was performed using a random-effect model. Summary estimates and corresponding 95% confidence intervals were calculated.
We calculated pooled specificity and sensitivity for 18 F-FDG PET alone and combined with CT. In data from studies reporting specificities or sensitivities of 100%, any 0 values were replaced with 0.5 to avoid problems when calculating odds ratios. Several metrics of diagnostic performance were calculated. Likelihood ratios (LRs) combine specificity and sensitivity: LRÀ refers to the ratio of (1 = sensitivity) to specificity, while LR + refers to the ratio of sensitivity to (1 = specificity). Both LRs equal 1 when a diagnostic test shows no discriminatory ability. A good diagnostic test has been defined as an LR+ > 5.0 and LRÀ < 0.2, although no consensus standards exist. [24] Area under the receiver operating characteristic curve (AUC) was used as a global measure of test performance. [25] We also estimated sensitivity, specificity, and their respective variances to construct a summary receiver operating characteristic (SROC) curve and Q * index. We used the Z test to compare the 2 techniques in terms of sensitivity, specificity, and DOR. The threshold for significance was defined as P < 0.05.
Publication bias was assessed by plotting the inverse of the square root of the effective sample size (ESS 1/2 ) against the logarithm of the diagnostic odds ratio (DOR). If publication bias is absent, this scatter plot should show a symmetric funnel shape. To assess whether the plot deviated significantly from this shape, we performed regression of the logarithm of the DOR against ESS 1/2 after weighting the odds ratios according to ESS. [26] The threshold for significant asymmetry was P < .05.
Subgroup analysis
We performed subgroup analyses based on technical differences between 18 F-FDG PET when performed with or without CT, and based on whether extrahepatic metastasis or local residual/ recurrent HCC was being diagnosed.
Results
Search results and study selection
After the computerized search was performed and reference lists were extensively cross-checked, 326 articles were identified, of which 36 potentially met the inclusion criteria based on title and abstract review. Of these 36 articles, 25 were excluded based on full-text review because they did not assess the diagnostic value of 18 F-FDG PET with or without CT for identification of extrahepatic metastases or local residual/recurrent HCC (n = 18), they did not report histopathology and/or imaging follow-up for at least 6 months as the diagnostic reference (n = 2), they did not report data in a way suitable for calculating rates of true and false positives and negatives (n = 3), they were associated with more than 5 responses of "no" or "unclear" on the QUADAS tool (n = 1) or they were not based on per-patient data (n = 1). In the end, 11 articles reporting 14 data sets were retained for data extraction and analysis.
Study characteristics
In the end, 7 publications consisting of 8 data sets analyzed the performance of 18 F-FDG PET combined with CT, [15, [27] [28] [29] [30] [31] [32] while 5 publications consisting of 6 data sets analyzed the performance of 18 F-FDG PET [14, 27, [33] [34] [35] (Supporting Table S2 , http:// links.lww.com/MD/C418). The number of patients per study ranged from 11 to 121 patients, with all studies evaluating a total of 572 patients. During our review of the literature, we Liao et 
Quality of included studies and publication bias
Study quality was generally acceptable. All studies included in this meta-analysis fulfilled at least 9 of the 14 criteria in the QUADAS tool for methodologic quality (Supporting Table S1 , http://links. lww.com/MD/C418). The nonsignificant slope of Deeks funnel plot asymmetry tests (Supporting Figure S1 , http://links.lww.com/ MD/C418) indicated no significant bias (P = .198).
Data analysis
Across all 11 studies (Supporting Table S2 , http://links.lww.com/ MD/C418), 18 F-FDG PET with or without CT showed a pooled sensitivity of 64% (95% CI 60-68) (Supporting Figure S3 , http:// links.lww.com/MD/C418) and specificity of 95% (95% CI 91-97) (Supporting Figure S4 , http://links.lww.com/MD/C418). LR synthesis gave an overall LR+ of 5.32 (95% CI 2.75-10.28) and LRÀ of 0.39 (95% CI 0.29-0.52).
Seven studies of 18 F-FDG PET with CT [15, [27] [28] [29] [30] [31] [32] showed a pooled sensitivity of 74% (95% CI 68-79) (Fig. 1) and specificity of 95% (95%CI 90-98) (Fig. 2) . LR syntheses gave an overall LR + of 5.54 (95% CI 2.69-11.41) and LRÀ of 0.33 (95% CI 0.22-0.48). Five studies of 18 F-FDG PET alone [14, 27, [33] [34] [35] gave a pooled sensitivity of 52% (95% CI 45-59) (Fig. 3) and specificity of 93% (95% CI 84-98) (Fig. 4) . LR syntheses gave an overall LR + of 5.32 (95% CI 1.44-19.70) and LRÀ of 0.5 (95% CI 0.34-0.73). No significant differences were found between 18 F-FDG PET with or without CT in terms of sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), or DOR. Forest plots of the sensitivity and specificity results from each study, together with heterogeneity Chi-squared tests and the I 2 index, indicated significant heterogeneity among the 11 studies. Therefore, pooled results were meta-analyzed using a random-effect model. The AUC for 18 F-FDG PET with or without CT was 0.8846, and the Q * index estimate was 0.8152 (Supporting Figure S2 , http://links.lww.com/MD/C418).
Subgroup analysis
For the subset of data on detecting extrahepatic metastases (Table 1) , no significant differences were found between 18 F-FDG PET with or without CT in terms of sensitivity, specificity, PLR, NLR, or DOR. Similar results were obtained for the subset of data on detecting local residual/recurrent analysis.
Discussion
The present meta-analysis, in contrast to a previous one, [36] suggests that the available evidence does not indicate significant benefit of combining CT with 18 F-FDG PET for detecting extrahepatic metastases of HCC or recurrent HCC. The present meta-analysis may provide more reliable results than the previous one because it contains a larger number of studies selected through strict inclusion criteria and it compared the techniques quantitatively in terms of sensitivity, specificity, DOR, and summary ROC curves. While it remains possible that combining CT with 18 F-FDG PET can provide diagnostic benefit in HCC, this remains to be demonstrated in large, well-controlled studies.
18 F-FDG PET can detect malignancy because malignant lesions have a higher glucose metabolism and thus higher uptake of 18 F-FDG. Since such metabolic changes precede changes in morphology, 18 F-FDG PET can be more effective than MRI or CT for detecting small malignant lesions. In this way, 18 F-FDG PET can work well as a well-established, noninvasive diagnostic tool for detecting malignant tumors [37, 38] as well as staging and monitoring of therapeutic response in several cancers.
Nevertheless, the available evidence suggests that 18 F-FDG PET does not show as good diagnostic performance for HCC as for other cancers. We found in a previous meta-analysis [39] that the technique shows a pooled sensitivity of 93% and specificity of 92% to detect local residual/recurrent nasopharyngeal carcinoma. Goense et al [40] reported pooled sensitivity of 96% (95% CI 93-97%) and specificity of 78% (95% CI 66-86%) to detect Medicine recurrent esophageal cancer. The present meta-analysis indicates a pooled sensitivity of only 52% to detect any HCC lesion, 46% to detect extrahepatic metastases, and 65% to detect local residual/recurrent HCC, compared to a much higher pooled specificity of 95% (95% CI 91-97%) to detect extrahepatic metastases or local residual/recurrent HCC. This low sensitivity is consistent with several other studies of 18 F-FDG PET in HCC, [16, 17, 41] and it may reflect the fact that glucose-6-phosphatase, which converts FDG-6-P to FDG, is nearly inactive in most tumors, including many liver tumors, [42, 43] although FDG metabolism in many well-differentiated HCC cells can be similar to that of normal liver tissue. [44] Because of the low sensitivity of FDG PET/CT imaging, there are some promising ways to improve the sensitivity of PET/CT for diagnosis of HCC, such as: 11C-acetate,could make up for the lack of FDG imaging. [45] The available evidence, then, suggests that 18 F-FDG PET on its own does not offer satisfactory diagnostic performance for HCC. Lesions showing abnormal extrahepatic accumulation of FDG are likely to be metastases, and diagnosis of local recurrence is difficult even if there is an abnormal accumulation of FDG in the liver. One of the reasons why FDG-PET is not useful in the diagnosis of intrahepatic recurrence is due to the difficulty in distinguishing between abnormal accumulation and physiologic accumulation of FDG in the liver.
Therefore, several studies have assessed whether supplementing the functional information of 18 F-FDG PET with morphologic information of CT can improve diagnostic performance. Our meta-analysis indicates that based on a carefully selected set of studies, there is evidence of a trend toward higher performance with CT, but this trend is not statistically significant for any of the diagnostic indices, including sensitivity, specificity, PLR, NLR, or DOR. These findings are based primarily on studies that examined either 18 F-FDG PET with CT or 18 F-FDG PET alone, not both techniques, which highlights the need for large parallel comparisons to verify and extend the present findings.
Like any meta-analysis of diagnostic accuracy, the present work is limited by heterogeneity among studies in terms of radiologist experience, image interpretation, and methodologic quality. We have attempted to reduce the impact of this heterogeneity in 3 ways. First, we applied various inclusion criteria to minimize differences among study populations and technology. Second, we identified potential sources of heterogeneity using the QUADAS tool. Third, we performed subgroup analyses to assess the impact of factors likely to cause heterogeneity. Even with these measures, our results may be less reliable because of unmeasured or unreported patient characteristics. The relatively small numbers of patients treated with each modality prevented us from controlling for the influence of certain patient characteristics.
Our estimates of diagnostic performance may also be less reliable because of the absence of a gold standard for imagingbased detection of local residual or recurrent tumor. Most studies in our meta-analysis relied on clinical course and other imaging techniques to confirm the presence of malignant disease; only a subset of patients underwent biopsy. This increases the risk not only of overall misdiagnosis but also of failure to detect smaller lesions, which may not have become detectable even after the six or more months of follow-up reported in the studies.
Conclusion
18 F-FDG PET with or without CT can diagnose extrahepatic metastases or local residual/recurrent HCC with high specificity but low sensitivity. Future work is needed to determine whether the tendency toward improved diagnostic performance observed with CT is statistically significant, preferably in prospective studies involving a parallel comparison of the 2 modalities. Results are reported as an odds ratio or the indicated ratio, together with 95% CI in parentheses. CI = confidence interval, CT = computed tomography, DOR = diagnostic odds ratio, 
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